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Genetic Assessment of Inconnu (Stenodus leucichthys)
from the Selawik and Kobuk Rivers, Alaska, Using
PCR and RFLP Analyses

Steve J. Miller, Tevis Underwood®, and William J. Spearman
Fish Genetics Laboratory, U.S. Fish and Wildlife Service,
1011 East Tudor Road, Anchorage, Alaska 99503

Abstract: Population structure of inconnu in the Kobuk and Selawik rivers in western Alaska was
assessed using genetic methods. Collections from each of the rivers were performed in 1993 and
1994 in conjunction with an inconnu tagging study. Nonlethal sampling methods were used to
collect samples of boney fin and scales (with epithelium attached)Nforextraction. The
polymerase chain reaction (PCR) was used to amplify three segments of thendtad DNA

(mtoNA) and one segment of the nuclean (nudMNA). Restriction site analysis was used to
assess genetic variation among individual fish for the cytochesagment of the mivA and the

growth hormone-1 segment of the pye. Frequencies of mNA genotypes were significantly
different between the Kobuk and Selawik collections. A total of foonmpenotypes were
observed; all four occurred in the Selawik collections and two were in the Kobuk collections. The
two mIDNA genotypes that were unique to the Selawik collections occurk¥@atach. Three

NUMNA genotypes composed of two alleles occurred in both the Kobuk and Selawik collections
at significantly different frequencies. Both thebmt and nuoNA revealed similar stock
relationships and indicated that the Kobuk and Selawik rivers eggwor different stocks of
inconnu that do not routinely interbreed. Further support for different stocks came from a
multiyear tagging study showing that fish tagged in one river were not recaptured in the other river.
Inconnu of the region support sport, commercial, and subsistence fisheries and have significant
cultural importance. Our results can be used to address concerns about the overharvest of the
smaller Selawik stock in mixed stock winter fisheries and to help formulate management plans to
achieve harvest and conservation goals.

Introduction anadromous while others are considered freshwater
Inconnu Stenodus leucichthysf northwest residents. Inconnu of the Kobuk and Selawik rivers
Alaska support culturally important fisheries and(Figure 1) rear in the esturine habitats of Selawik
contribute to ecosystem vitality. In 1980, Congress.ake, Hotham Inlet, and Kotzebue Sound and ascend
recognized the importance of inconnu, also known ahe Kobuk and Selawik rivers to spawn (Alt 1987).
sheefish, in the Alaska National Interest LandsThe Kobuk and Selawik rivers contain the largest
Conservation Act by specifically naming the speciesnconnu in Alaska with fish reaching 24 kg and living
as one to be conserved as part of the formation of thie 20 years of age (Alt 1987).

Selawik National Wildlife Refuge. Refuge lands are The Kobuk River population of spawners is
managed to conserve fish and wildlife populations andbout eight times larger than that of the Selawik River.
maintain their natural diversity. Abundance estimates from 1996 indicated the Kobuk

From a geological perspective, the inconnu iRiver supported 43,036 spawners (Taube 1996), while
a recent addition to Alaskan fauna (Morrow 1980)the Selawik River was at 5,157 (Underwood et al.
Eight stock assemblages are currently recognized ih998).
major western Alaskan rivers and tributaries, with Inconnu support subsistence, sport, and
evidence suggesting that the range of inconnu isommercial fisheries in the Kotzebue Sound region.
expanding (Alt 1987). Some life history forms areFishermen from villages in the region (e.g., Ambler,

*Fairbanks Fishery Resources Office, 101 12th Avenue, Box 17, Fairbanks, Alaska 99701
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Figure 1. Map showing the hydrography of the study area including the Kobuk and Selawik rivers.

Buckland, Deering, Kiana, Kivalina, Kobuk, goals. Managers need to know whether inconnu of the
Kotzebue, Noatak, Noorvik, and Selawik) harvesobuk and Selawik rivers represent one big stock or
inconnu during all seasons of the year. Annuamultiple, smaller stocks. Further, if multiple, smaller
subsistence harvests have been as high as 31,292 fidhcks are present, managers also need to know the
in the 1960s and have ranged from 2,180-6,651 fishumber of stocks and their boundaries. For example,
during 1981-1991 (Lean et al. 1993). Annual sporif the inconnu of the Kobuk and Selawik rivers
catches have ranged from 403—3,678 fish with annuaépresented one big stock, overharvest in one river
harvests ranging from 150-1,904 fish for 1990-1994might be compensated by recolonization from the
(Howe et al. 1995). A small commercial fishery hasother river, with relatively rapid recovery and no loss
annually harvested from 622,600 fish during of genetic diversity. On the other hand, if each river
1981-1991 (Lean et al. 1993). supported a different stock, that same overharvest
The inconnu of the Kobuk and Selawik rivers might result in a long-term loss of production, slower
are currently managed as a single stock; however, necovery, and loss of genetic diversity.
aliterature review, Alt (1987) speculated that multiple Our objective was to use genetic methods to
stocks may share the Selawik Lake overwinteringletermine if there was evidence of population
area. The possible mixed-stock nature of the wintestructure of inconnu in the Selawik and Kobuk rivers,
fishery raises concerns about possible overharvest bé., whether there was one big stock or multiple
weaker stocks such as the apparently smaller Selawsitocks. This study was designed to establish an initial
stock. foundation of biological information from which more
Clearly, knowledge of population structure in-depth studies can be launched and to chart a course
and stock relationships is important in formulatingfor further work.
management plans to achieve harvest and conservation
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Methods
Dloo

. o MDNA
Scales (with epithelial tissue attached) 05‘—T£€A&TGG1)CTTGTAAACC—3‘
pectoral fin clips were collected from inconnu of the—TTGGGTTTCTCGTATGACCG-3

Selawik and Kobuk rivers and stored in individuallyapH dehydrogenase+<1(ND1 »; mtDNA

numbered vials with 70% ethanol until processe@AGSGEECCTCTITACCAMAACAT=S

(Table 1). Inconnu fin samples from the Arctic Red .
River in the Mackenzie River drainage, Northwest ~ Previous assessments of these segments of
Territories, were used as an outgroup (N=10PNA in rainbow trout, chinook, chum, sockeye, and

10/12/93). coho salmon had revealed variation (Cronin et al.
1993; Fobes et al. 1993; Patton 1993)DNnmtprimers
Table 1. Collection summary. were complimentary to conserved tRNA and rRNA
River Date N sequences which flank the amplified fragment (Cronin
et al. 1993). GH1 = primers were complimentary to
1993 sequences in the coding region flanking @l =
Kobuk 9/4-10 115 non-coding intron region (Fobes et al. 1993).
Selawik 9/11-16 76 Each PCR reaction was composed of 0.1-0.5
pHg of genomicbNA, 5 pL of 10X buffer (0.1 M
1994 tris—HCI, pH 8.5, 0.025 M MgGJ 0.5 M KCI, 1 pge
Kobuk 9/21-22 100 uL™ bovine serum albumin), 5 pL of dNTP mix (2
Selawik 8/3-16 68 mM each of dATP, dTTP, dCTP and dGTP in 10 mM

Tris—HCI, pH 8.0), 1 pL of a 10 uM solution of each
Nucleic acids were extracted from about 25 two primers, and 2.0 units d&qpolymerase, with

mg of tissue incubated in 500 pL of STE buffer (o_fleionized water added for a final volume of 50 pL.

M NaCl, 10 mM Tris [pH 8.0]-HCI, 1 mM EDTA), 50 The amplification cycle for miNA fragments
uL 10% SDS, and 25 pL of proteinase—K (1¢-onsisted of & for 45 seconds, S0 for 30 seconds,

mgemL?) at 65C for >60 minutes. Ammonium and 70C for 2 minutes and 30 seconds, cycled 32

acetate (250 L, 7.5 M at@) was then added and thetimes.  The amplification for theHl « segment
samples incubated on ice for 60 minutes, centrifugetPnsisted of 9Z for 60 seconds, 82 for 60 seconds,

at 9000 X g for 10 minutes, and 500 uL of supernataﬁ'lnd 72C for 1 minute and 30 seconds with this portion
transferred to new tubes. Ethanol (1 mL, 95%) wagf the cycle extended one additional second for each of

added to the supernatant to precipitate the nucleige 34 cycles. PCR products were electrophoresed on
acids. TheDNA pellets were washed with 70% 1.4% agarose gels, stained with ethidium bromide, and

ethanol, air—dried, and dissolved in 100 ul TE buffePhotographed under ultraviolet light.

(10 mM Tris [pH 7.6], 1 mM EDTA).DNA samples A pilot screening was |n|t|§IIy conducted' tq
were electrophoresed in 0.8% agarose gels cast §§aluate the performance of the primers and optimize
TBE buffer (Sambrook et al. 1989), stained witf’CR conditions for eadNA segment.GH1 , cyB+,

ethidium bromide, and photographed with Polaroid@ndNbl + could be consistently amplifiedbloop +
film on an ultra—violet light table. amplified consistently with theNA extracted from fin,

One nuclearbNA (NUONA) and three but inconsistently withbNA extracted from scale

mitochondriabNA (MDNA) segments, were amplified epithelium and was excluded from further analyses.

using the polymerase chain reaction (PCR) with the To initially identify different genotypes or
following primers: polymorphisms, eadabNA segment was screened with

30 restriction enzymes (RE) for 20 samples from the

rowth hormone 4 (GH1 *; NUMNA i

ATCOTGAGCEC GTCGACAAG)CAC—S' Alaska c.oIIectlons and the 1Q samples from the
5'-GGGTACTCCCAGGATTCAATCAGA-3' Mackenzie outgroup (Appendix 1). Each RE
cytochromes » (Cy+ - mIDNA recognized a unique §equence of four tO'SIX bases and
5-GAAAAACCA(CT)CGTTGT TAXATTCAACT—S' cuts theDNA at that site. For example, if theil =
5'-GAGCTACTAGGGCAGGCTCA-3'

segment from one fish had two restriction sites and
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another fish had only one restriction site, those fishxtraction technigues, such as phenol-chloroform, may
had different genotypes. Polymorphisms were onlyield better qualitypNA from scale epithelium than the
detected in thesH1 » andcytB+ segments, so these ammonium acetate method; however, further tests are
were then used with the remaining samples. REeeded to confirm that. We originally used the
digests were electrophoretically separated on 2.5%nmonium acetate protocol fapNA extractions
agarose gels, stained with ethidium bromide, andecause of its simplicity and lack of hazardous waste.
photographed. The 70% ethanol worked well for tissue preservation
Sizes of restriction fragments were estimatednd storage.
by comparison to a 100 kilobase (KB) ladder and Rolymorphisms
Phi standard (lambda ¢1857 SamnA digested with The mDNA cyB+ segment was about 1150
Hind 1l mixed with Phi X-174 DNA digested with bases long. Two of 30 REs revealed genetic variation
Hae Ill; Appendices 2 and 3). Restriction fragmentamong individuals; three genotypes wibde | and
patterns were visually identified from gels andwo with Mse | (Appendix 2). These individual
photographs.cytB + composite genotypes agéi 1  genotypes occurred in four different combinations to
genotypes were defined from the restriction fragmerform composite genotypes AA, AB, BA, and CA
patterns for the segment—RE combinations (Lansmdmable 2) where the first letter of the composite

et al. 1981). genotype is the genotype forde | and the second
Goodness-of-fit tests using thg statistic letter is forMsel.
(Richardson et al. 1986) were used to evaluate The mDNA ND1+ segment was about 2000

Hardy—Weinberg (HW) equilibrium forgHl+ bases long. None of the 30 REs revealed variation
genotype frequencies for each collection usingmong individuals, i.e., only one genotype was
BIOSYS (Swofford and Selander 1989). This wa®bserved for each of those REs.
done to test the assumption that each collection The nuoNA GH1 » segment was about 700
represented a single stock rather than a mixture bases long. Of 30 REs tested, one revealed variation
different stocks. Significant test$<0.05) would in the form of two alleles, A and B. These two alleles
indicate excessive deviation from the genotypicombined to form three different genotypes; the
proportions expected under HW law. homozygotes AA and BB, and the heterozygote AB
Hierarchical tests of heterogeneity using th¢Table 2; Appendix 2).
log likelihood ratio statistidg; Sokal and Rohlf 1981) mtpnA Analyses
were used to assess differentiation of allele Selawik and Kobuk shared the common
frequencies among collections. Frequencies wegenotype AA and the rarer BA (Table 2). Genotypes
considered significantly different ifP<0.05. AB and CA occurred in the Selawik but did not occur
Collections between years and within rivers wer@ the Kobuk. The outgroup Mackenzie had only the
tested to determine if pooling data across years af@A genotype.
within rivers was feasible. Hierarchical tests of heterogeneity of tiyés
Genetic relatedness of stocks within andjenotype distributions showed significant differences
among rivers was illustrated with neighbor-joiningamong the four collections from the Selawik and
(Saitou and Nei 1987) cluster analysis of matrices ¢fobuk rivers (Table 3). Most of the total(30.6) was
pairwise Cavalli-Sforza and Edwards (1967) chordontributed by the differences between the Selawik

genetic distances. and Kobuk collections (21.3 or 70%) with the balance
Results (9.3 or 30%) attributed to differences between years
Collection and Processing (Table 3). The Selawik 1993 and 1994 collections

The nonlethal techniques for collecting scalesvere also different due to the presence of the CA
and fin were simple and easily applied in the fieldgenotype in 1993 but not 1994 (Tables 2 and 3).
Scale epithelium and fin both yielded adequateucbDnA Analyses
amounts of DNA; however,DNA from fin amplified The Selawik and Kobuk collections contained
more consistently with all primer sets. Otherboth alleles while the Mackenzie sample contained
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Table 2. Proportions of growth hormore( ) genotypes and alleles, and cytochr@aeys *)
genotypes for inconnu from the Selawik and Kobuk rivers, and an outgroup from the Mackenzie River,
Canada.

GH1 * (NUDNA) CcyB* (MDNA)

Genotype Allele Genotype
Year N AA AB BB A B AA AB BA CA
Selawik R.
1993 76 0.68 0.28 0.04 0.82 0.18 0.83 0.03 0.07 0.08
1994 65 0.72 0.26 0.02 0.85 0.15 0.85 0.06 0.09 —
Pooled 141 0.70 0.27 0.03 0.84 0.16 0.84 0.04 0.08 0.04
Kobuk R.
1993 86 044 045 0.10 0.67 0.33 095 — 0.05 —
1994 97 0.60 0.37 0.03 0.78 0.22 093 — 0.07 —
Pooled 183 0.52 0.41 0.07 0.73 0.27 094 — 0.06 —
Mackenzie R.
1993 10 1.00 — — 1.00 — — — — 1.00

Table 3. Results of hierarchical tests of heterogeneity using the log likelihood ratio s&tistic (
Sokal and Rohlf 1981). The sum@®Gfvalues from tests of within and pooled variation equal the
total G value for the test of variation among all four collections, e.g., 17.4=0.5+6.1+10.8.

CytB *
All CA Genotype
Test GH1 * Genotypes Dropped
Among Selawik R and Kobuk R. (all G 17.4 30.6 12.8
four collections) df 3 9 6
P 0.001™ 0.001™ 0.046
Within Selawik R. (1993 vs. G 0.5 8.8 1.1
1994) df 1 3 2
P 0.475 0.032 0.569
Within Kobuk R. (1993 vs. 1994) G 6.1 0.5 0.5
df 1 1 1
P 0.014 0.463 0.463
Between Selawik R. pooled and G 10.8 21.3 11.2
Kobuk R. pooled df 1 3 2
P 0.001™ 0.001™ 0.004
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only allele A. Genotype proportions were notloss of a unique gene pool and a long period of time to
different from those expected under Hardy—Weinbergebuild numbers or for recolonization from other
law (Table 4) indicating that each collection appearestocks.
to represent a single stock and not a mixture of Alternatively, if a single stock exists instead of
multiple stocks. multiple stocks, that indicates fish movement and gene
flow across a broad geographic area to yield a large
genetically homogenous stock. Hypothetically, a
single management regime could be applied across a
- broad area. Overharvest in one portion of the area
X df P could be compensated by rapid recolonization from
Selawik 1993 0223 1 0636 Other portions of the area by individuals that are
Selawik 1994 0.149 1 genetically similar to th.osfe harvestgd. . .
In most cases it is a combination of simple
Selawik pooled 0023 1 0878 population models that best describes population
1
1

Table 4. Results of goodness-of-fit tests for
deviations of nucDNA genotype proportions
from Hardy—Weinberg law.

0.699

Kobuk 1993 0.047 0.829 structure. For example, population structure of
Kobuk 1994 0.857 0.355 chinook salmon in the Yukon River drainage can be
described by a subpopulation model nested within an
Kobuk pooled 0.271 ! 0.603 isolation—by—distance model (Wilmot et al. 1992).
Hierarchical tests of heterogeneity for thelmprinting and homing to natal spawning grounds
alleles indicated highly significant differences amongesult in the maintenance of subpopulations or stocks,
the four collections from the Selawik and Kobukbut with straying or gene flow highest among nearby
rivers P<0.001; Table 3). Only a small amount of thestocks and lowest with distant stocks.
total G value (17.4) was attributable to differences Patterns of genetic differentiation can reflect
between years in the same river (6.6 or 38%). Mosurrent gene flow, historic events, or a combination of
(62%) of the totalc was contributed by differences influences and permit determination of an appropriate

between rivers (Table 3). There was a significarppopulation model. For example, complete

difference P=0.014) between 1993 and 1994 Kobukreproductive isolation between two stocks can permit
collections. genetic drift, mutation, and natural selection to act
Genetic Distance independently within each of the stocks and result in

Genetic relationships based on genetigenetic differenes occurring over time. However,
distance were similar fazyt8 « andGH1 +, showing reproductive isolation does not necessarily ensure that
the Kobuk collections most similar with each othegenetic differences will be seen for several reasons.
and different from the Selawik collections (Figure 2)First, genetic drift is a random effect that can result in
The Mackenzie collection showed the greatedlivergence or convergence of allele frequencies.
divergence from the Alaska collections. Second, natural selection may demand the presence of

Discussion certain alleles in certain combinations. Third, we are

For management purposes it is important tanalyzing a small portion of the genome and thus
understand the dynamics of inconnu life history irgenetic differences may not be observed when they
order to determine which model best describeseally exist.
population structure and stock relationships. The Do the Selawik and Kobuk collections
nature of the population structure could determineepresent different stocks? The results of this study
which management strategy is best. For example,demonstrated genetic differences between collections
separate stocks exist then unique density—dependémm the Selawik and Kobuk drainages. Based on our
and —independent factors could influence each stodata, these drainages support different stocks.
to yield stock—specific population dynamics. ThisSupporting evidence of different stocks includes the
model would require stock—specific managementresence of two genotypes in the Selawik collections
regimes. Overharvest of one stock could mean thbat did not occur in the Kobukyts x genotypes AB
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and CA were unique to the Selawik collectionspresence of those oA genotypes. For example, the
though they occurred at low frequencies. Th&A genotype that occurred in the Selawik 1993
presence of some unshared genotypes in collectioosllection did not occur in the 1994 collection. Thus,
can be strong evidence of low gene flow. Howevethe presence of unshared genotypes suggests low gene
since those genotypes were relatively uncommon fitow and population structure, but in this case it is not
the Selawik collections they could be present but ramnclusive.

in Kobuk inconnu pointing to the possibility that the Additional evidence of different stocks
collections were not large enough to detect thicludes the differer@Hl »allele frequencies between

MtDNA, cytochrome B

Selawik 93
Selawik 94 Selawik
1 | Kobuk 93
-+ Kobuk
Kobuk 94
Mackenzie Mackenzie

NnucDNA, growth hormone 1  *

Selawik 94
Selawik 93 Selawik
Kobuk 93  Kobuk
Kobuk 94
_ - Mackenzie
——Mackenzie

Figure 2. Neighbor—joining (Saitou and Nei 1987) trees of genetic distances (Cavalli-Sforza and Edwards
1967 chord distance) for cytochrome and growth hormonexlshowing the results with the collections
unpooled and pooled by river.
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the Selawik and Kobuk collections. Frequencies foelawik origin fish successfully reproducing with
allele A were consistently higher in the Selawik thatKobuk origin fish, may be keeping the stocks
the Kobuk collections. If no population structuregenetically similar. However, if there is gene flow it
existed and the inconnu of those rivers representedsanot great enough to offset the effects of those forces
single stock, we would expect all four collections tdhat create or maintain differences, such as fidelity to
have similar genetic profiles for batil randcytsx.  natal spawning grounds.

Unexpected were the differeswil = allele frequencies One time historic events like the colonization
between the 1993 and 1994 Kobuk collections, whilef a newly available drainage can lead to genetic
cyB * genotype frequencies remained similar betweedifferentiation if the founding group is so small that it
years.GH1 + allele frequencies for the 1993 and 1994loes not genetically represent the parent stock. The
Selawik collections were similar with each otherabsence of twocyB+ genotypes in the Kobuk
These results suggested that there may be other factoadlections could indicate that the Kobuk stock
associated with inconnlife history that we did not originally arose from the Selawik stock as a small
account for in our sampling design. For example, thimunder population. Due to natural sampling error,
Kobuk R. is a large drainage that may suppofrequencies oGH1 = alleles anayBx* genotypes in
multiple stocks that have different genetic profilesthe founding population could have been different
hence, our 1993 collection may have representedfrmm the parent population. Fidelity to natal spawning
different stock mixture than the 1994 collection. Thegrounds (i.e., restricted gene flow) would act to
tests of Hardy-Weinberg equilibrium indicated that thenaintain the original differences.

Kobuk collections represented single stocks; however, What should be done to better characterize
that test is not sensitive enough to detect low levehe stock relationships? The interannual differences
deviations from equilibrium. The genetic difference®observed for the Kobuk collections suggest the
we observed between the Selawik and Kobukossibility of more than one stock occurring in that
drainages were large enough to imply that somdrainage and warrant further investigation. Genetic
degree of fidelity to spawning grounds exists whicltomparisons of collections taken on a finer geographic

would restrict gene flow between drainages. scale could help to determine the number of stocks
Our genetic results were supported by resultwithin each drainage.
from recent tagging studies. In 199996, Additional genetic markers (especially in the

Underwood et al. (1998) tagged 1,314 spawningumNA) should be applied to improve the genetic
inconnu in the Selawik River. In 1994-1995, Taube girofiles of the Selawik and Kobuk stocks. Additional
al. (1996) tagged 1,995 fish in the Kobuk Rivermarkers could yield a clearer picture of the nature of
Tagged fish from one river were not caught in théhe population structure in that region. Better genetic
other river indicating that fish return to the river whereharacterization of stocks would permit the application
they had previously spawned. In contrast, fish frorof stock composition estimation methods to address
both rivers have been caught in the sloughs, lakes aisdues in fisheries and overwintering areas where the
bays of Hotham Inlet outside of spawning seasostocks intermingle.
(Taube 1996). This means that inconnu from the two What do the results mean to fisheries
rivers appear to mix during a part of the year, yahanagers? The application of these genetic results
segregate for spawning. can help managers formulate management plans that
Why weren't the genetic differences maximize harvests at sustainable levels and meet stock
greater? The relative similarities between theconservation goals. Managers will need to manage the
Selawik and Kobuk collections, in contrast to theiinconnu of the Kobuk and Selawik rivers as separate
differences from the Mackenzie fish, could reflecstocks instead of a single large stock. Because
recent common ancestry, suggesting that the rivedifferent inconnu stocks occur in the Kobuk and
were colonized from a common source. That coul8elawik rivers, different levels of harvest may need to
explain similarities such as shared genotypes arik established for each stock based on its surplus
alleles. Current gene flow between drainages, such poduction. For example, the less abundant Selawik
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stock would sustain smaller harvests than the morariation among Kobuk, Selawik and Mackenzie river
abundant Kobuk stock. samples.

Establishing stock-specific harvests for in- Our data indicate the Selawik and Kobuk
river fisheries, where the stocks are geographicallgrainages support different inconnu stocks. However,
separate, would be relatively straightforwardadditional genetic markers should be applied to fully
however, establishing stock-specific harvests for theharacterize the population structure and develop the
mixed stock fishery in Hotham Inlet area wouldbaseline data necessary to perform mixed stock
present a greater challenge. Harvests based on #malysis of the fishery.
total abundance of the combined Kobuk and Selawik Recommendations
stocks could lead to overharvest of the less abundatijt Apply a suite of at least 12 rea markers to
Selawik stock. Because the Kobuk and Selawik riveffsirther characterize population structure.
support different stocks instead of a single, larg2) Collect additional samples to test the hypothesis that
stock, overharvest of one stock could have longnultiple stocks occur in the Kobuk River.
lasting effects, including depressed production an8) Conduct simulations to determine the performance
lost genetic diversity, plus in an extreme case;haracteristics of the genetic baseline for application
extinction of the weaker stock. To help prevenin mixed-stock assessments.
overharvest, genetic assessment of the mixed stoék Extend the investigation to other drainages of
fishery could yield valuable information regardinginterest.
when and where the different stocks mix and how they Acknowledgments
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stock mixtures using computer simulations. Thevas instrumental in accomplishing field collections in
genetic baseline would then be ready to apply isupport of the genetics work. We appreciate the hard
mixed stock fishery assessments. work of M. Millard (USFWS), R. Ramouth (USFWS),

Until more information is available, the mixed R. Simmons (USFWS), and K. Whitten (USFWS) who
stock fishery should be conservatively managed tcomposed the genetics sampling crew. The
avoid overharvest of the less abundant Selawik stoakooperation of B. Armstrong (USFWS), S.E. Barr
Further, to ensure stocks remain viable an@obuk), E. Ward (Kobuk), and R. Ward (Kobuk) for
productive, assessmenitesild be performed routinely field collections was indispensable and much
to monitor genetics, abundance, age-class structusgpreciated. Julee Beasley (USFWS) provided crucial
sex ratios, recruitment, harvests, and other indicatogsaphics support. The following reviewers provided
of population well-being. valuable recommendations thatimproved the quality of

Conclusions this report: B. Armstrong (USFWS), J. Berg

Tissue to support PCR—-RFLP analysis can b@JSFWS), W. Buchholz (USFWS), A. Chatto
collected using nonlethal methods, with storage an@SFWS), J. Finn (U.S. Geological Survey-Biological
preservation requirements that are far simpler and leResources Division), C. Krueger (Cornell University),
rigorous than those required for protein analyses. and J.D. Reist (DFO).

Both the mbNA and nuoNA can be accessed
for inconnu using PCR methodology that was
originally developed with rainbow trout, sockeye,
coho, chum, and chinook salmon. RFLP analysis of
PCR products was effective for identifying genetic
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Appendix 1. List of 30 restrictions enzymes (RE) used on inconnu PCR segments categorized by absence or
presence of restriction sites.

GH1 * ND1 * cyB *
All RE Absent Present Absent Present Absent Present
Aci Aci | Alul BsE I Aci | Asel Acil
Alu Aval Asel Dpnl Alul BstJ | Alu
Asel Avall Bfal Dra | Asel Dpnl Aval
Aval BsE Il BsiN | Aval Dra | Avall
Avall BstU | Ddel Avall EcaR | Bfal
Bfal Dpnl Haelll Bfal EcdR V BstE Il
BsE Il Dpnli Hind Il BstU | Hind Il BsiN |
BswU | Dra | Hinf ! BsiN | Ndell Ddel1!
BsiN | EcaR | Hpall Ddel Pstl Dpnli
Ddel EcaR V Msel Dpnll Haelll
Dpnl Hhal Mspl Haelll Hhal
Dpnll Ndell Rsal Hhal Hinf |
Dra | Pstl SciF | Hind Il Hpall
EcoR | Pvull Sty Hinf | Msel*
EcdR V Sae | Taql Hpall Mspl
Haelll Msel Pvull
Hhal Mspl Rsal
Hind Il Ndell Sal9b |
Hinf | Pstl SciF |
Hpall Pvull Styl
Msel Rsal Taql
Mspl Sapb |
Ndell SciF |
Pstl Styl
Pvull Taql
Rsal
Sab |
SciF |
Styl
Taql

'Polymorphisms were detected with these restriction enzymes (see Appendices 2 and 3).
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Appendix 2. Inconnu rmiNA and nuoNA restriction fragment patterns for cytochroméy +) and

growth hormone 1@H1 ¥) For example, digestion of cytochrome with Msel yields restriction fragment
patterns A and B where A has two fragments that are 913 and 190 bases long and pattern B has three
fragments 766, 190, and 152 bases long.

CyB *, MDNA GH1 ¥, NUDNA
Restriction Fragment Restriction ~ Fragment

Enzyme Size Pattern Enzyme Size Pattern

Ddel 481 A B C Hinf | 593 AA! AB -
299 A B C 502 - AB BB
218 A B c 120 AA AB! BB!
122 A B C 98 - AB BB
111 - - C
106 - B -
93 - - C
77 A - -

Msel 913 A - -
766 - B -
190 A B -
152 — B —

12

There are two fragments of the same size at this location.
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0 - —
= 2027 bp
10 - . - — == 1353 bhp . 1200.bp. ...
=128 hp
— — 872 bp == 900bp
- - == 700 b
20 - - = 603 bp - . - P
— = == mm 500bp
£ - = - == 400 bp
€ 30 - - .
) == 310bp
% -— - 281 bp = 300 bp
B a9l - o |
a - - - 234D
5 -— P = 200 bp
B f—
D 50 7
=
ms m=wm mwm "= i80p - amm ==
601" o - = 100bp |
| |
||
== 72pbp
70 - — .
| | | | | | | | | | | | |
100 Uncut A B A B C Phi Uncut A B C 100
bp Mse | Dde | Ladder Hinf | bp
Ladder Ladder
cytBO GH1*

Appendix 3. Schematic of a lineup gel showing the restriction fragment patterns for cytoshaytee)
and growth hormone A1 +) in inconnu. (bp=base pair)
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